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ABSTRACT A Þeld test of integrated vector control was conducted in a tropical urban setting with
a combination of a ßoating, slow-release, granular formulation of Bacillus sphaericus and environ-
mental engineering measures (renovation of roads, collective water pumps, and cesspool lids). The
targets were Culex quinquefasciatus and Anopheles gambiae in the two biggest towns of Burkina Faso
(West Africa). Within the intervention zone, water pumping stations were improved and the sur-
roundings drained toprevent the accumulation of stagnantwater. Roadswere leveled and given either
simplegutters oneach sideor a concrete channel onone side todrain runoffwater.Garbagecontainers
were installed to provide an alternative to the drainage channels for waste disposal. Septic tanks were
modiÞed so that they could be emptied without destroying their lid. This study showed that it is
possible to implement mosquito control in a tropical urban environment with teams of young people
rapidly trained to apply a biological larvicide without any tools other than an iron bar to lift cesspool
lids. Environmental improvements were initially costly, but demanded little subsequent expenditure.
Local inhabitantsÕ committees were mobilized to provide people with information and monitor the
efÞcacy of the measures. Compared with what people spent individually on mosquito prevention and
malaria medicine, these measures were not expensive, but many expected the community to pay for
them from existing taxes, e.g., for water treatment and disposal. The necessary funding and logistics
require a municipal organization with neighborhood support, if the measures are to be effective.
KEY WORDS Bacillus sphaericus, Culex quinquefasciatus, integrated vector control, cost effective-
ness, larvicide
Integrated vector management, deÞned as “a rational
decision-making process for the optimal use of re-
sources for vector control” (WHO 2008), involves the
targeted use of vector control methods to reduce hu-
manÐvector contact in a sustainable context (WHO
2004). Integrated vector management has attracted
attention in recent years, notably in the ongoing, in-
tense campaign against malaria (Beier et al. 2008).
Vector resistance to chemical insecticides is on the
increase in Africa, and this has led to interest in other
means of vector control based on bed net use and
indoor residual spraying with pyrethroids or DDT.
World Health Assembly resolution WHA-50.13 and
the StockholmConvention on Persistent Organic Pol-
lutants call for reduced reliance on chemical insecti-
cides. Viable alternative strategies are needed for
managing vector-borne diseases.
Very few studies have considered environmental
management combined with larvicides in tropical ar-
eas, and, to our knowledge, no recent studies have
compared the cost of these interventions with that of
bed nets or with what people privately spend on mos-
quito control (mainly for annoyance relief). Thedom-
inant mosquito populations in larger, tropical cities
breed in artiÞcial water deposits. In Sub-Saharan Af-
rica, these are as follows: 1)wastewater in septic tanks
and poorly managed drainage systems that can host
the larvae of Culex quinquefasciatus (Say) (Diptera:
Culicidae) all year round; 2) ruts in dirt roads that Þll
with water in the rainy season and host Anopheles
gambiae larvae (Giles) (Diptera: Culicidae); 3) irri-
gated agricultures that provide breeding sites for both
species; and 4) water storage containers, i.e., tins, jars
that Þll with rain in thewet season and provide breed-
ing sites for Aedes aegypti (Linne´) (Diptera: Culici-
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dae). As a result of the rapid expansion of cities with-
out functional drainage and road systems, or an
effective waste water treatment infrastructure in the
outskirts, the Þrst two species are provided with per-
fect breeding conditions and reach very high densi-
ties.
Malaria transmission in urban Africa is generally
less intense and far more focal than in rural and
periurban settings. However, epidemics can occur,
and the presence of immune naive populations puts
people of all ages at comparable risk. The ongoing
World Health Organization (WHO)-coordinated
campaign against malaria has a single focus, namely
chemical vector control based on pyrethroid-
treated bed nets and indoor residual spraying,
mostly with pyrethroids and DDT. Recent studies
have shown that the efÞcacy of major insecticide-
based modalities, such as pyrethroid-treated nets
and indoor residual spraying, is being compromised
by insecticide resistance (NGuessan et al. 2007,
Rubaihayo et al. 2008).
Although alternative insecticides can be used for
spraying houses, it is more difÞcult to Þnd alternatives
to the pyrethroids for bed nets because of their mech-
anism of action, their nontoxicity for users, and, no-
tably, their resistance to detergent (so the treated bed
net remains active after washing). Analyses of urban
malaria control programs have shown that the diag-
nosis and treatment of malaria cases coupled with the
use of bed nets and chemical insecticides constitute a
necessary, but not sufÞcient set of measures to ensure
a sustainable program (Utzinger et al. 2002). The lim-
ited number of breeding sites forAn. gambiae in urban
areas (Robert et al. 2003) suggests environmental
management should be a central feature of malaria
control programs in towns (Keiser et al. 2004).
As Cx. quinquefasciatus larvae develop in artiÞcial
breeding sites (which are presumably stable and thus
easy to identify and treat), control strategies against
thismosquito have classically beenbased on the use of
chemical larvicides. However, the multiple resistance
of this species worldwide, including in West Africa
(Chandre et al. 1997, 1998), together with potential
impact on the environment and nontarget fauna, have
restricted insecticide use. Moreover, because of high
levels of resistance, treated bed nets and indoor re-
sidual spraying are less effective against Cx. quinque-
fasciatus (Bogh et al. 1998,Gimnig et al. 2003, Kulkarni
et al. 2007, Irish et al. 2008), which may compromise
use compliance in the population (Winch et al. 1994,
Lindblade et al. 2006); people appear to be motivated
to use treated bed nets primarily by the annoyance of
the mosquitoes rather than from the need to protect
themselves against malaria (Van Bortel et al. 1996).
Mosquito nuisance is mainly caused by Cx. quinque-
fasciatus.
A study in Bobo-Dioulasso (Burkina Faso), Oue´d-
raogo et al. 2006 showed that local populations of Cx.
quinquefasciatus were highly resistant to DDT and py-
rethroids, somewhat resistant to organophosphates, but
not to the biological larvicide Bacillus sphaericus
(Neide).SuccessfulprogramshaveshowntheefÞcacyof
B. sphaericus-based measures against Cx. quinquefascia-
tus in African cities (Hougard et al. 1993, Barbazan et al.
1997). This bacterium has the added advantage that it is
not toxic to nontarget organisms, including humans. Un-
fortunately, intensive use of B. sphaericus has led to spe-
ciÞc resistance in the Cx. pipiens complex in several
places (Nielsen-Le Roux et al. 1997, Yuan et al. 2000,
Mulla et al. 2003).
Thus, environmental improvement and integrated
control with a combination of complementary mea-
sures appear to be the most promising solution to the
problem of controlling Cx. quinquefasciatus and An.
gambiae in tropical cities.
In urban tropical areas, integrated vector control
has been tested on both smaller and larger scales
(Bang et al. 1975, Rajagopalan et al. 1988, DeCastro et
al. 2004, Fillinger et al. 2008), and this strategy is now
being adopted across the world by WHO for the con-
trol of all vector-borne diseases (WHO 2004).
The Dar es Salaam studies (Fillinger et al. 2008)
showed that the biological larvicide Bacillus thurin-
giensis israeliensis can be effectively used as the basis
of an integrated control program with minimal oper-
ative training and at relatively low cost. One year of
application in the test area (17 km2 with 128,000 res-
idents) reduced malaria infection rates in children of
under 5 yr of age, and afforded at least as much pro-
tection as insecticide-treated mosquito nets (Geiss-
bu¨hler et al. 2009), but the economic aspects of the
operation were not addressed. A study in Indian cities
showed that cleaning and repairing concrete drain
channels was a cheaper way of reducing Cx. quinque-
fasciatus density than either larvicide treatment or the
spraying of houses (Rajagopalan et al. 1988).
The study described in this article was conducted
in the two biggest cities in Burkina Faso (West
Africa). The biolarvicide B. sphaericus was used on
its own in Bobo-Dioulasso in 1999 and as the main
control measure in Ouagadougou in 2000. Biolarvi-
cide application was complemented by environ-
mentalmanagementmeasures in part of the test area
in Ouagadougou, and with a new type of cesspool in
Bobo-Dioulasso in 2000. Costs were estimated and
comparedwith the inhabitantsÕ expenditure onmos-
quito control before and during the operation. This
project is the Þrst to compare the cost of various
environmental measures with those of control op-
erations based on the killing of larvae or adult mos-
quitoes in urban Africa. The entomological results
of the study have been published in Skovmand et al.
2009, and the sociological results in Samuelsen et al.
2004. This article addresses the logistic and eco-
nomic issues.
Materials and Methods
Test Areas. Test areas were demarcated in the two
largest cities of Burkina Faso, Bobo-Dioulasso in the
southwest and Ouagadougou in the center of the
country, both located in the tropical savannah region.
The intervention and control areas and 2-yr rainfall
patterns were described in Skovmand et al. 2009. At
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the beginning of the rainy season, rainwater is ab-
sorbed rapidly, but, later in the season, it Þlls up ru-
dimentary septic tanks in front of houses, depressions
in roads, and partly blocked drainage channels,
thereby creating breeding sites for Cx. quinquefascia-
tus and An. gambiae. The main breeding sites for Cx.
quinquefasciatus are poorly covered cesspools in front
of houses with running water.
Intervention zones (2 km2) in the two cities were
selected in newly constructed districts containing no
unoccupied space, ponds, or agricultural land. All
roads were dirt roads. Some had concrete channels
running along on one side, which were mostly not
drained. Some houses had cement cesspools, but most
had a simple hole or just a depression in the soil
outside the house, where waste water accumulated.
Thesewere permanently Þlledwithwater in the rainy
season, butwere dry in the dry season (or too polluted
for mosquito breeding). Deeper cesspools had water
with mosquito larvae all year round.
Road and Water Station Modifications. Part of an
intervention zone north of the main road in Ouaga-
dougou was chosen for environmental modiÞcations.
Three side roads branching off the main road and
leading to a rain runoff channel were renovated. All
three of these dirt roads had many depressions from
lorry wheels, which Þlled with rainwater in the wet
season, creating the main breeding sites for An. gam-
biae larvae (Fig. 1). The roadswere leveled so that the
middle of the roadwas 30 cmhigher than the sides and
drainage channels were sunk on either side. On the
side of one road, a deeper drainage channel in cement
wasbuilt (please seewww.insectcontrol.net/envmfor
images). All side roads sloped slightly down toward
the river and renovations allowed water to run off.
Two water stations sold water to people without
running water at home (82% of the compounds) (Ta-
ble 1). Pools of water remained around these stations
year round and constituted potentially permanent
breeding sites for An. gambiae and Cx. quinquefascia-
tus. The stations were rebuilt so that each pump was
in the middle of a concrete block with a 5-cm-deep
drainage channel at the edge, leading to an under-
ground pit with concrete sides and a base of soil.
Cesspool Tank Modification. The Danish Interna-
tional Development Agency and the town councils of
Fig. 1. Rain-Þlled puddles on road in Ouagadougou during the rainy season. Main breeding sites for An. gambiae before
the intervention. (Online Þgure in color.)
Table 1. Characterization of the intervention zones in the
two towns
Intervention zone Bobo-Dioulasso Ouagadougou
Surface area 2 km² 2 km²
Compounds 2,400 3,507
Inhabitants 19,245 17,776
Compounds with running water 851 (36%) 639 (18%)
Closed septic tanksa (% compound
with closed septic tanks)
500 (21%) 487 (14%)
Open septic tanks or cesspool
tanks with broken lidb
(% compound with accessible
tanks)
1,462 (61%) 773 (22%)
Concrete drain channelsc 23 11
Rain-Þlled puddlesd 304 244
a Mosquito-proof tanks not treated.
b Potential breeding sites forCx. quinquefasciatus treated biweekly.
c Potential breeding sites for Cx. quinquefasciatus treated weekly.
d Potential breeding sites forAn. gambiae treatedweekly; theywere
mapped at the beginning of the rainy seasons. Their number varied
during the wet season with the rainfall.
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Ouagadougou and Bobo-Dioulasso had a program of
encouraging people to build deep, concrete cesspool
tanks for waste water instead of using a simple hole.
However, after some years of use, the cesspoolswould
Þll up and people would break the lid to empty the
contents onto the road or to provide access to a ma-
chine.Wedesigned a lidwith a hole in themiddle that
could be closed with a concrete stopper. The stopper
could be removed when the cesspool was to be emp-
tied and the inhabitants would not need to break the
lid.
Mosquito Granules. Granules were produced lo-
cally by mixing methyl cellulose powder, two types of
waxes, two powdered detergents, and a preparation of
B. sphaericus given to the project in 1998 by Novo
Nordisk Biokontrol and bought from Abbot (now Va-
lent Bioscience, Saint-Didier-au-Mont-dÕOr, France)
in 1999 and 2000, respectively. The powder wasmixed
in a kitchen blender and added to amixture of parafÞn
wax and dehydrogenated ox fat. The solid, soft paste
was rolled out with a rolling pin to form a 1.5- to 2-mm
thick layer on a table with a metal surface for fast
cooling. Once cooled down, the rolling pin was used
to break the brittle material into granules of 1Ð2 mm
in diameter. Powder generated in the process was
removed by sieving and used in the next batch. The B.
sphaericus powder and the Þnal product were stored
in regulated atmosphere conditions at 20Ð25C. Two
technicians from the malaria research center in Oua-
gadougou (Centre National de Recherche et de For-
mation sur le Paludisme)produced all the granules for
the study after 1 d of training.
Site Identification and Application Teams. Eight
groups of two persons were formed each year. They
were recruited locally and were given 1 d of training
in the identiÞcation of breeding sites and larvae genus
(Culex or Anopheles). They were taken to the test
areas with digitalized maps (Environmental Research
Institute, 1992Ð1998; scale, 1:2,000).Theywere trained
on how to map breeding sites, recording localization
details on tables together with a short description of
the type of breeding site (e.g., depression in the mid-
dle of a road, open or closed cesspool, etc.). The
intervention zone was then divided into eight blocks,
and the teamswereallocated toareas that theyhadnot
themselves assessed. All teams were told to look for,
map, and treat newbreeding sites. Only breeding sites
with larvae were to be treated. Two sentinel breeding
siteswere chosen at random in each of the eight areas,
and a supervisory technician from Centre Muraz in
Bobo-Dioulasso or from the Centre National de Re-
cherche et de Formation sur le Paludisme in Ouaga-
dougou inspected these sites every 2 wk to check the
teamÕs work. When a sentinel site was found with
larvae, more sites in the relevant teamÕs area were
inspected by the supervisor and the team was cor-
rected. The teams were unaware of which sites were
inspected, but aware that such inspections were
planned. Finally, in the middle of each intervention
period, one of the scientists and the supervisor in-
spected all breeding sites in the areas and checked
whether all had been mapped and treated.
Treatments.Every2wk, the teams treatedall breed-
ing sites identiÞed on the checklist as well as adding
and treating any new breeding sites that had devel-
oped since the initial mapping. Rainwater channels
and rain-Þlled puddles were inspected weekly and
treated when larvae were found. The sustained-re-
lease granular B. sphaericus formulation was used to
treat septic tanks, and a ßuid concentrate (Spherimos,
Novo Nordisk Biokontrol, Lyngby, Denmark) was
used in 1999 and a water dispersible microgranule
preparation(Vectolex,ValentBioscience)wasused in
2000 for theweekly treatmentof rain-Þlledpuddles. In
the latter, weekly treatment was needed because of
the transient nature of these An. gambiae breeding
sites. Granules were spread by hand, whereas the
commercial formulationsÑdiluted concentrate or
dissolved microgranulesÑwere applied using a cali-
brated portable spray unit. The dosages were 3 g/m2
of the granule preparation (20%), 3 g/m2 of the ßuid
concentrate (80 ITU/mg), and 0.5 g/m2 of the micro-
granules (100%).
Mosquito Sampling. Adult mosquito sampling
methods are described in Skovmand et al. 2009.
Results
Bobo-Dioulasso, 1999–2000. The intervention zone
of 2 km2 contained 2,400 compounds, i.e., 1,200/km2
(Table1).Thezonehadanaverageofeightpeopleper
compound, which means the population density was
9,600 inhabitants/ km2. The area contained 1,462 open
or covered cesspools that were treated and 500 closed
onesÑwith concrete lids cemented onto the tank
blocking mosquito accessÑthat were not treated. In
addition, 23 concrete channels were treated when
they contained stagnant water. These sites were typ-
icalCx. quinquefasciatusbreeding sites.About 2,000pit
latrines were monitored. Occasionally, some of these
ßooded with rain and were then treated. On average,
the intervention zone contained 60 open cesspools
and one cemented channel for every 100 compounds.
A total of 304 rain-Þlled puddlesÑtypicalAn. gambiae
breeding sitesÑwas mapped at the beginning of the
rainy season. Their number varied during the wet
season with the rainfall. On average, about 100 were
treated every week.
Mosquito populations were followed from May to
November 1999 by Centers for Disease Control and
Prevention traps and man-landing captures. Larvi-
cide treatments were carried out from June to Oc-
tober. The entomological impact of biolarvicide
treatments is reported in Skovmand et al. 2009. In
short, in the outermost part of the intervention zone
into which mosquitoes probably migrated in from
surrounding untreated areas, 50% control of Cx.
quinquefasciatuswas obtained versus 90% control in
the inner part. The impact of the intervention was
not immediate, but delayed 2Ð4 wk from the Þrst
larvicide treatment. The efÞcacy of the intervention
was in evidence until the beginning of the dry sea-
son in early December. The average total cost of the
larvicide program was 8,400 F CFA or 3.5 EUR per
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household (to facilitate comparison with other in-
terventions, note that the average EURÐUSD ex-
change rate for the duration of the project was
1:1). The costs of the intervention are listed in
Table 2; these do not include the costs of the sci-
entists who set the study up, but do include the
supervisory technicianÕs costs. The 1999 interven-
tion at Bobo-Dioulasso did not include any opera-
tions other than larvicide treatment.
In 2000, the cesspool lid modiÞcation program with
concrete stoppers cemented in the inspection/dis-
charge hole was added. In addition, adjacent showers,
kitchens, and laundry containers were Þttedwith sim-
ple water locks preventing mosquito entry via con-
necting tubes. No mosquitoes were found entering
any of these installations in the 6 mo after construc-
tion, and no larvae were ever found in twice-weekly
samples. In similar installations without a lid or with a
broken lid, up to 500 Cx. quinquefasciatus larvae/250
ml were found.
Ouagadougou, 2000. The intervention zone had a
human population of 8,900 inhabitants/km2 with
about Þve inhabitants/compound (Table 1). The in-
tervention zone contained a mean of 22 Cx. quinque-
fasciatus potential breeding sites (essentially open
cesspools) per 100 compounds and a total of 244 rain-
Þlled pools conducive to the development ofAn. gam-
biae larvae. Captured mosquitoes were mostly Cx.
quinquefasciatus (26,000) with some An. gambiae
(120). The treatment resulted in up to 90% control in
the inner part of the intervention zone and 50% in the
outer part. However, before the intervention mos-
quito density was similar or higher in the inner parts
(Skovmand et al. 2009). As in Bobo-Dioulasso, in ad-
dition to the entomological impact, the larvicide treat-
mentswere receivedpositivelyby the localpopulation
with a decline in the perceived level of annoyance
(Samuelsen et al. 2004).
The total cost of larvicide treatment in Ouagadou-
gou was similar to that in Bobo-Dioulasso the year
before(Table2)andwill notbediscussed further.The
average cost of the larvicide treatment was 2.4 EUR
per household per year. The substantial difference in
cost was the result of a larger number of households
in Ouagadougou. Regarding personal expenditure on
adultmosquito control, people spent 2,400 FCFA (3.7
€) per household per month on mosquito coils and
insecticide spraysÑthe averageof theÞgures from the
two areas during the preintervention study: 2.000 F
CFA (3.1 €) in Bobo-Dioulasso and 2.800 F CFA (4.3
€) in Ouagadougou (Samuelsen et al. 2004). These
household prevention methodsÑcoils, sprays, and,
for the poorest, burning dried leaves of plants col-
lected or bought from the local marketÑhad no long-
term impact. Most people knew about bed nets, but
rarely used them at the time of the study because of
their price, lack of availability, and inconvenience
during the hot season (Samuelsen et al. 2004). During
the intervention in the rainy season, expenditure on
mosquito control declined by 45% in Bobo-Dioulasso
and 25% in Ouagadougou in the intervention zones,
whereas mosquito densities and expenditure on per-
sonal protection increased in the nontreated areas.
Comparing direct savings with the cost of larvicide
treatment (Table3) shows that the interventionswere
highly cost effective.
In the northern part (0.8 km2) of the intervention
zone in Ouagadougou out through to the river, roads
were improved and roadside drainage systems were
installed around public water stations. Four large gar-
bage containers were purchased and installed in the
area, and a local citizensÕ committee was entrusted
with supervising their proper use. Normally, people
living near a concrete drainage channel used it to
dispose of their garbage. The garbage is washed away
during heavy showers, and concrete channels under
crossroads get blocked with heavier materials. As a
result, these channels constitute the most productive
breeding sites in town with500 Cx. quinquefasciatus
larvae per dip. The concrete channel was not ever
blocked up in the project year or the following year,
but one road drainage system was blocked up once
(with soil from a private construction site). This was
during the dry season, and the blockage was removed
Table 3. Cost of mosquito control in the two intervention zones
Mosquito control in
intervention zones
Cost in EUR (€)
Bobo-Dioulasso Ouagadougou
Private mosquito control in
absence of larvicide
treatments (a)
51,220 104,782
Larvicide treatments (b) 8,400 8,400
Private mosquito control during
larvicide treatments (c)
28,171 78,587
Total mosquito control in case of
larvicide treatments (b  c)
36,571 86,987
Saving costs due to larvicide
treatments (a  b  c)
14,649 17,796
Factor beneÞt/larvicide
treatments cost
1.7 2.1
The costs of private mosquito control are derived from our data
collected at the household level just before rainy seasons and ex-
tended to the 7-mo mosquito season. These costs are then compared
with the costs of larvicide treatments and inhabitant expenditures for
private mosquito control during the rainy season when larviciding
took place. The saving costs due to larvicide treatments for mosquito
control during 7 mo are calculated. Finally, the saving costs were
lower in Bobo-Dioulasso than in Ouagadougou because of lower
expenses for private mosquito control per household and a higher
reduction of these household expenses during larvicide treatments
(45% of reduction in Bobo-Dioulasso vs 25% in Ouagadougou).
Table 2. Breakdown of costs of larviciding, including pur-
chase, production, storage, breeding sitemapping, application, and
survey in each intervention zone
Material/Salary
Average cost in
EUR(% total amt)
Spray dried B. sphaericus 3,000 (35.7)
Formulation additives 450 (5.4)
Sending costs 900 (10.7)
2 technicians for granule production (3 mo) 250 (3.0)
Room rent for granule production 900 (10.7)
10 persons applying biolarvicide
during (5 mo)
2,500 (29.8)
1 supervisory technician (5 mo) 400 (4.8)
Total 8,400 (100)
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before the next rainy season. One inhabitant blocked
the road drainage system at a crossroads, fearing that
water would run into his compound, but this was also
solvedby the local committee.This areawas inspected
1 and 2 yr after the intervention, and all the environ-
mental improvements made for the project were still
intact, including the twice-weekly, communal garbage
can emptying system. No breeding sites were found
along roads that had been improved. The area was no
longer monitored after this 3-yr period.
Because of the limited areas studied, it was not
possible to analyze each area with respect to local
mosquito density, although it was shown that all pro-
ductive breeding sites were eliminated. Costs of the
various environmentalmeasures are shown in Table 4.
Engineeringworks toconvertpitteddirt roads to level,
Þrm sand roads with side drainage channels lasted at
least 3 yr without any Anopheles breeding sites reap-
pearing and were expected to last for 5 yr, at a cost of
18,000 EUR/km. The construction of concrete road-
side channeling cost an average of 115,000 EUR/km.
The four garbage containers cost in total 10,200 EUR.
The renovation of collective water stations cost 950
EUR per station. Cesspool tanks with lids with a con-
crete stopper cost 170 EUR, of which the lid cost 12
EUR, with or without the stopper. Without the stop-
per, peoplewould break the lid after 2 or 3 yr to empty
the container and the open cesspool would become a
year-round breeding site for Cx. quinquefasciatus.
With the lid and stopper, the estimated lifetime of the
system is at least 20 yr, corresponding to a cost of 8.50
EUR per year per household compared with an aver-
age of 26 EUR spent formosquito control over a single
7-mo season; prevention is obviously cheaper. The
modiÞed lid for the project cost no more than a stan-
dard lid.
The total cost of the integrated intervention inOua-
gadougou averaged per year when the channel is set
to depreciate over 10 yr, the road leveling over 5 yr,
the water stations over 3 yr, and with containers is 8.5
EUR per household the Þrst year (including work
supervision) and 7.4 EURper household the following
year.
Discussion
Large-scale (2 km2) treatment with ßoating, slow-
release, biolarvicide B. sphaericus in an urban envi-
ronment resulted in a marked, but delayed reduction
in mosquito density (Skovmand et al. 2009). In both
towns studied, treatment resulted in a reduction of up
to 90% in the central part of the intervention zone and
50% at the edge. A more consistent, long-term effect
was found inOuagadougou, where the larvicide treat-
ments startedearlier andcontinued into thebeginning
of the dry season.
The larvicide intervention alone was very cost ef-
fective,when the inhabitantsÕ savings onpersonal pro-
tection measures are taken into account (Table 3).
Because the information on personal expenditure for
mosquito control was obtained at the very beginning
(Bobo-Dioulasso)or before thebeginningof the rainy
season (Ouagadougou), it was certainly underesti-
mated. This Þgure does not take into account the
increased expenditure at the peak mosquito period
during the rainy season from July to September
(Samuelsen et al. 2004). This probably also explains
why we found lower costs for household mosquito
control than those reported in other studies con-
ducted in tropical African cities (Desfontaine et al.
1989, Zandu et al. 1991). Another limitation is that the
data on the cost of personal prevention did not cover
the purchase and treatment of mosquito nets (as we
focused exclusively on weekly expenses). Neverthe-
less, the average household expenditure for mosquito
control before the larvicide intervention was 3.7 EUR
per month compared with 2.4 EUR per month during
the treatment period; this compares with 3.0 EUR per
season (7 mo) for larvicide treatment (from Table 2,
total cost of larvicide treatment divided by average
number of households in the two intervention zones).
The average savings per household was thus 6.1 EUR,
and the intervention therefore paid out 2-fold for a
mosquito season of 7 mo.
Comparison With the Bed Net Campaign. If the
intervention is compared with the current cost of
distributionof the so-called ÔÔLongLasting Insecticidal
Nets” (LLINs or LN in WHO abbreviation). A review
of the cost of distributing untreated net with impreg-
nation and reimpregnation campaigns (Stevens et al.
2005, Yukich et al. 2008) showed an annual cost of
3.47Ð7.75USDperbednetdistributedveryclose to the
estimate of Yukish et al. 2008, at 2.75Ð8.05 USD. The
same group found four studies for LLINand estimated
annual cost per bed net distributed of 3.47Ð7.75 USD.
This comparison has limitations, because compliance
with bed net use declines rapidly with the beginning
of the dry season, when there is less annoyance be-
cause of mosquitoes, but infected Anopheles females
are nevertheless still abundant (Toe et al. 2009). It
should be noted that one LLIN is expected to cover
two people (Roll Back Malaria [RBM] universal cov-
erage deÞnition), whichmeans three nets would have
to be distributed to every household in the interven-
tion zone in Ouagadougou and four nets to every
house in Bobo. The annual cost per household using
Table 4. Cost of environmental improvement in the interven-
tion zone of Ouagadougou
Type of environmental improvement Costs in EUR (€)
Leveling the roads (900 m) 16,200 (18,000 €/km)
Construction of concrete channel
along one side of the road (310 m)
35,650 (115,000 €/km)
Drains and improvements of 2 public
water stations
1,900
4 garbage containers 10,200
Instruction by actor and sociologist 500
Work supervision 3,200
Total cost 67,650
Total cost per compound per year
(for 2-yr efÞcacy)
19.2
4 garbage containers plus instruction
in use, out of total
15.0%
Cost of septic tank with lid and cork 170
Septic tank, cost per year in 20 yr 8.5
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LLIN as only prevention would thus be 10Ð23 EUR in
Ouagadougou and 14Ð31 EUR in Bobo Dioulasso. In-
cluding larviciding, construction of proper cesspools,
road leveling containers, and well-drained water sta-
tions, theyearly cost of integratedvector controlwith-
out bed nets is 19.5Ð20.5 EUR per household.
The full impact of the larvicide campaign was not
seen until the middle of the rainy season. This delay
was because of the typically delayed effect of larvi-
cides on adultmosquito populations, coupledwith the
fact that young, inexperienced operatives were re-
cruited to conduct the operations. However, in a sin-
gle season, these young people learned how to apply
the biological larvicide. The granule preparation was
easier to use than a portable spraying unit, so some of
the teams exhausted their stock of granules before the
end of the treatment period (notably by using gran-
ules rather than the commercial formulations to treat
rain-Þlled puddles). These teams therefore had to
treat their breeding sites weekly for the last month
because spray formulations have a shorter residual
effect (Skovmand and Sanogo 1999). Thus, the slow-
release granule is not only cheaper (because it can be
produced locally and does not need to be applied as
often), but is also more popular with the operatives
being paid to carry out larval control.
Compared with LLIN campaigns, larviciding costs
less per household per year. The cost of the full in-
tegrated campaign, including roads and channels, was
higher, but only slightly so.
Most importantly, our study showed that a rigorous
and affordable procedure for mapping and managing
mosquito habitats makes effective larval control pos-
sible in urban Africa. The use of Geographic Infor-
mation System (GIS) software in the mapping ap-
proach proved to be extremely helpful for program
management and the supervision of Þeld activities in
terms of quality control, feedback on changes in in-
tervention zones, and progress tracking. Similar pos-
itive Þndings have also been made in vector control
programs in Southern Africa and Tanzania (Booman
et al. 2003, Dongus et al. 2007).
It was proposed that the water distribution com-
pany in Ouagadougou could sell, together with the
monthly invoice (which would include a very small
surcharge), two small sachets containing B. sphaericus
granules to treat their cesspool every 2wk. Thiswould
cut the per-household cost of larvicide treatment in
Ouagadougou by 35% through savings on application
costs, to an average of 0.23 EUR/mo/household per
7-mo mosquito season. This minimal cost would have
been acceptable to the inhabitants, but the water
company decided to focus on selling cesspool systems
instead, and they argued that one reason that people
bought the cesspool system was to avoid mosquitoes,
so it would not be in the companyÕs interest to offer a
much cheaper solution. The engineering interven-
tions were much more expensive, but afforded other
advantages, such as improved infrastructure. During
the rainy season and even during heavy showers, peo-
ple in this intervention zone could walk on dry roads,
whereas people outside were up to their ankles in
water with puddlesÑproviding breeding sites for An.
gambiaeÑpersisting for days or weeks (see www.
insectcontrol.net/envm).
It is worth comparing the cost of these environ-
mental improvements (Table 4) with the inhabitantsÕ
expenditure on mosquito control (Table 3). The in-
tervention zone for environmental improvement con-
tained 1,400 compounds. Leveling the roads cost
16,200EURor6EURpercompoundperyearassuming
that the road improvement lasted at least 2 yr (as a
rule, such improvements have to be made every 5 yr).
In the Ouagadougou intervention zone, each house-
hold spent4.3EUR/moonmosquitocontrol andabout
twice that on malaria medicine (Samuelsen et al.
2004). Leveling the roads removed most An. gambiae
breeding sites in this part of the town and would thus
be a cheaper measure (if it could be organized). Even
constructing the concrete channel along the road that
receives most water, installing the four garbage con-
tainers to prevent the channel getting blocked, and
renovating the two public water stations only cost 24
EUR per compound per year, still below regular ex-
penditure for malaria.
The modiÞed cesspool lid did not add to cost, but
prevented people from having to gain access to the
tank by breaking the top open and thereby creating
breeding sites for Cx. quinquefasciatus.
Mosquito control with a biological larvicide is a
much cheaper alternative. Current, private control
measures (insecticide sprays and coils) are by far the
most expensive solution and the least effective. The
problem with the integrated approach (biolarvicide
use and environmental improvement) is it needs local
organization.
This study has substantial limitations. The effect on
Anophelespopulations in the renovated area (roadand
water station improvements) was not measured di-
rectly, and in total, only a fewAn. gambiaewere found
in the study area (170 compared with 26,000 Cx. quin-
quefasciatus).Direct assessment of the impact of larval
control and environmental management on the ento-
mological and parasitological/clinical parameters of
malaria appears essential for future integrated pro-
grams. This would help to establish relationships be-
tween larval control, environmental management,
LLIN use, and chemical pesticides use.
However, in our study, the only identiÞed breeding
sites for An. gambiae found before the intervention
were those in roads that engineering works subse-
quently eliminated for at least 3 yr. Renovation of the
water stations probably had a general effect on water-
borne diseases and other pests such as ßies, but this
was not measured. The advantages to the inhabitants
are therefore underestimated in this study that only
focuses on mosquito-related beneÞts of water treat-
ment and engineering works. The new cesspools had
only been in use for 6 mo by the end of the study, and
it is known that the density of Cx. quinquefasciatus
larvae depends on the concentration of organic ma-
terial. However, we did not Þnd a single larva in any
of the reconstructed cesspools and, because access
was physically blocked, this is not likely to change.
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In conclusion, environmental engineering should
be a central feature of integrated vector control in
urban settings, with simultaneous implementation of a
combination of measures together with appropriate
monitoring. Such measures, although costly, probably
offer the only lasting solution if combined with bio-
logical larvicide treatment and LLIN use. Neverthe-
less, it is important to keep in mind that, although the
initial cost of such interventions might be high, they
will be paid for over time. It is true that the beneÞt of
environmental improvement depends on the goodwill
of the inhabitants. However, such environmental en-
gineering based on community participation is best
coordinated by town councils in close collaboration
with local communities and other stakeholders
(e.g., ministries of environment, sewer and water
works, infrastructure development sectors, non-
government organizations) and within public
health regulatory and legislative frameworks. This
was exactlywhat people respondedwhen asked how
this could be organized. Systematic evaluation of
environmental management measures for mosquito
control in the tropical urban setting is needed on a
broad scale, and this should also provide opportu-
nities for substantial methodological innovation.
Such interventions would clearly put vector control
in the hands of the African governments, but with
increased costs at the community level rather than
the individual household level. More attention to
integrated vector control in urban areas, with spe-
cial emphasis on environmental management, is
warranted by the rapid growth of cities and the fact
that, by 2025, 50% of Africans are expected to be
living in towns (United Nations 2002).
Acknowledgments
We thank the Danish International Development Agency
and the Danish Embassy in Burkina Faso for economic sup-
port of the project, and the prematurely passed away Prof.
Chris Curtis for comments and advice on the manuscript.
This work was performed in two cities and two research
centers, as follows: Centre Muraz, Bobo-Dioulasso, Burkina
Faso, andCentreNational deRecherche et de Formation sur
le Paludisme, Ouagadougou, Burkina Faso.
References Cited
Bang, Y. H., I. B. Sabuni, and R. J. Tonn. 1975. Integrated
control of urban mosquitoes in Dar es Salaam using com-
munity sanitation supplemented by larviciding. East Afr.
Med. J. 52: 578Ð588.
Barbazan, P., T. Baldet, F. Darriet, H. Escaffre, D. H. Djoda,
and J. M. Hougard. 1997. Control of Culex quinquefas-
ciatus (Diptera: Culicidae) with Bacillus sphaericus in
Maroua, Cameroon. J. Am. Mosq. Control Assoc. 13: 263Ð
269.
Beier, J. C., J. Keating, J. I. Githure, M. B. Macdonald, D. E.
Impoinvil, andR. J.Novak. 2008. Integratedvectorman-
agement for malaria control. Malar. J. 7(Suppl. 1): S1ÐS4.
Bogh, C., E. M. Pedersen, D. A. Mukoko, and J. H. Ouma.
1998. Permethrin-impregnated bednet effects on resting
and feeding behaviour of lymphatic Þlariasis vector mos-
quitoes in Kenya. Med. Vet. Entomol. 12: 52Ð59.
Booman, M., B. L. Sharp, C. L. Martin, B. Manjate, J. J. La
Grange, and D. N. Durrheim. 2003. Enhancing malaria
control using a computerized management system in
southern Africa. Malar. J. 2: 13.
Chandre, F., F.Darriet, J.M.Doannio, F.Rivie´re,N. Pasteur,
and P. Guillet. 1997. Distribution of organophosphate
and carbamate resistance in Culex pipiens quinquefascia-
tus (Diptera: Culicidae) in West Africa. J. Med. Entomol.
34: 664Ð671.
Chandre, F., F.Darriet,M.Darder, A. Cuany, J.M.Doannio,
N. Pasteur, andP.Guillet. 1998. Pyrethroid resistance in
Culex quinquefasciatus from West Africa. Med. Vet. En-
tomol. 12: 359Ð366.
De Castro, M. C., Y. Yamagata, D. Mtasiwa, M. Tanner, J.
Utzinger, J. Keiser, and B. H. Singer. 2004. Integrated
urban malaria control: a case study in Dar Es Salaam,
Tanzania. Am. J. Trop. Med. Hyg. 71: 103Ð117.
Desfontaine, M., H. Gelas, A. Goghomu, D. Kouka-Bemba,
and P. Carnevale. 1989. Evaluation des pratiques et des
couˆts de lutte antivectorielle a lÕe´chelon familial en Af-
rique Centrale. Bull. Soc. Pathol. Exot. 82: 558Ð565.
Dongus, S., D. Nyika, K. Kannady, D. Mtasiwa, H. Mshinda,
U. Fillinger, A. W. Drescher, M. Tanner, M. C. Castro,
and G. F. Killeen. 2007. Participatory mapping of target
areas to enable operational larval source management to
suppress malaria vector mosquitoes in Dar es Salaam,
Tanzania. Int. J. Health Geogr. 4: 37.
Environmental Research Institute. 1992–1998. Arcview
GIS, version 3.1. Environmental Research Institute, Red-
lands, CA.
Fillinger,U.,K.Kannady,G.William,M. J.Vanek, S.Dongus,
D. Nyika, Y. Geiisbu¨hler, P. P. Chaki, N. J. Govella, E. M.
Mathenge, B. H. Singer, H. Mshinda, S. W. Lindsay, M.
Tanner, D. Mtasiwa, M. C. de Castro, and G. F. Killeen.
2008. A tool box for operational mosquito larval control:
preliminary results and early lessons from the Urban
Malaria Control Programme in Dar es Salaam, Tanzania.
Malar. J. 7: 20.
Geissbu¨hler, Y., K. Kannady, P. P. Chaki, B. Emidi, N. J.
Govella,V.Mayagaya,M.Kiama,D.Mtasiwa,H.Mshinda,
S. W. Lindsay, M. Tanner, U. Fillinger, M. C. de Castro,
and G. F. Killeen. 2009. Microbial larvicide application
by a large-scale, community-based program reduces ma-
laria infection prevalence in urban Dar Es Salaam, Tan-
zania. PLoS One 4: e5107.
Gimnig, J. E., J.M.Vulule, T.Q. Lo, L. Kamau,M. S. Kolczak,
P. A. Phillips-Howard, E. M. Mathenge, F. O. Ter Kuile,
B. L. Nahlen, A. W. Hightower, andW. A. Hawky. 2003.
Impact of permethrin-treated bed nets on entomologic
indices in an area of intense year-round malaria trans-
mission. Am. J. Trop. Med. Hyg. 68: 16Ð22.
Hougard, J.-M., R. Mbentengam, L. Lochouarn, H. Escaffre,
F. Darriet, P. Barbazan, and D. Quillevere. 1993. Lutte
contre Culex quinquefasciatus par Bacillus sphaericus: re´-
sultats dÕune campagne pilote dans une grande agglom-
e´ration urbaine dÕAfrique e´quatoriale. Bull. W.H.O. 1:
367Ð375.
Irish, S. R., R. NGuessan, P.M. Boko, C.Metonnou, A. Odjo,
M. Akogbeto, and M. Rowland. 2008. Loss of protection
with insecticide-treated nets against pyrethroid-resistant
Culex quinquefasciatus mosquitoes once nets become
holed: an experimental hut study. Parasit. Vectors 1: 17.
Keiser, J., J. Utzinger, M. C. Castro, T. A. Smith, M. Tanner,
and B. H. Singer. 2004. Urbanization in sub-Saharan Af-
rica and implication formalaria control.Am. J. Trop.Med.
Hyg. 71: 118Ð127.
Kulkarni, M. A., R. Malima, F. W. Mosha, S. Msangi, E.
Mrema, B. Kabula, B. Lawrence, S. Kinung’hi, J. Swilla,
820 JOURNAL OF MEDICAL ENTOMOLOGY Vol. 48, no. 4
 by guest on D
ecem
ber 22, 2016
http://jme.oxfordjournals.org/
D
ow
nloaded from
 
W. Kisinza, M. E. Rau, J. E. Miller, J. A. Schellenberg, C.
Maxwell, M. Rowland, S. Magesa, and C. Drakeley. 2007.
EfÞcacy of pyrethroid-treated nets against malaria vec-
tors and nuisance-biting mosquitoes in Tanzania in areas
with long-term insecticide-treated net use. Trop. Med.
Int. Health 12: 1061Ð1073.
Lindblade, K. A., J. E. Gimnig, L. Kamau, W. A. Hawley, F.
Odhiambo, G. Olang, F. O. Ter Kuile, J. M. Vulule, and
L. Slutsker. 2006. Impact of sustained use of insecticide-
treated bednets on malaria vector species distribution
and culicine mosquitoes. J. Med. Entomol. 43: 428Ð432.
Mulla, M. S., U. Thavara, A. Tawatsin, J. Chomposri, and T.
Su. 2003. Emergence of resistance and resistance man-
agement in Þeld populations of tropical Culex quinque-
fasciatus to the microbial control agent Bacillus sphaeri-
cus. J. Am. Mosq. Control Assoc. 19: 39Ð46.
NGuessan, R., V. Corbel, M. Akogbeto, and M. Rowland.
2007. Reduced efÞcacy of insecticide-treated nets and
indoor residual spraying formalaria control in pyrethroid
resistance area. Benin. Emerg. Infect. Dis. 13: 199Ð206.
Nielsen-Le Roux, C., F. Pasquier, J. F. Charles, G. Sinegre, B.
Gaven, andN.Pasteur. 1997. Resistance toBacillus spha-
ericus involves differentmechanism inCulex pipiensmos-
quito larvae (Diptera: Culicidae). J. Med. Entomol. 34:
321Ð327.
Oue´draogo, T.D.A., T. Baldet, O. Skovmand, G. Kabore´, and
T. R. Guiguemde´. 2006. Sensibilite´ de Culex quinquefas-
ciatus aux insecticides a` Bobo-Dioulasso, Burkina Faso.
Bull. Soc. Pathol. Exot. 98: 406Ð410.
Rajagopalan, P. K., P. K. Das, S. P. Pani, T. Mariappan, A. R.
Rajavel, K. D. Ramaiah, D. Amalraj, K. P. Paily, N.
Balakrishnan, C. Sadanandane, P. Vanamail, S. Subrama-
nian, R. Srinivasan, N. Aranushalam, C.M.R. Reddy, and
N. Somachari. 1988. Evaluation of integrated vector
control measures on Þlarisis transmission in Pondicherry.
Indian J. Med. Res. 87: 434Ð439.
Robert, V., K. Macintyre, J. Keating, J. F. Trape, J. B. Duch-
emin, M. Warren, and J. C. Beier. 2003. Malaria trans-
mission in urban Sub-saharan Africa. Am. J. Trop. Med.
Hyg. 68: 169Ð176.
Rubaihayo, J., E. Tukesiga, and A. Abaasa. 2008. Reduced
susceptibility to pyrethroid insecticide-treated nets by
the malaria vector Anopheles gambiae s.l. in western
Uganda. Malar. J. 7: 92.
Samuelsen, H., L. P. Toe, T. Baldet, and O. Skovmand. 2004.
Prevention of mosquito nuisance among urban popula-
tions in Burkina Faso. Soc. Sci. Med. 59: 2361Ð2371.
Skovmand, O., and E. Sanogo. 1999. Experimental formula-
tions ofBacillus sphaericus andB. thuringiensis israeliensis
against Culex quinquefasciatus and Anopheles gambiae
(Diptera: Culicidae) in Burkina Faso. J. Med. Entomol.
36: 62Ð67.
Skovmand, O., T.D.A. Oue´draogo, E. Sanogo, H. Samuelsen,
L. P. Toe´, and T. Baldet. 2009. Impact of slow release
Bacillus sphaericus granules on mosquito populations fol-
lowed in tropical urban environment. J. Med. Entomol.
46: 67Ð76.
Stevens, W., V. Wiseman, J. Ortiz, and D. Chavasse. 2005.
The costs and effects of a nationwide insecticide-treated
net programme: the case of Malawi. Malar. J. 4: 22.
Toe, P. L., O. Skovmand, K. R. Dabire, A. Diabate, Y. Diallo,
T. R. Guiguemde´, J.M.R. Doannio, M. Akogbeto, T.
Baldet, andM.E.Gruenais. 2009. Decreasedmotivation
in the use of insecticide-treated nets in amalaria endemic
area in Burkina Faso. Malar. J. 8: 175.
UnitedNations. 2002. WorldPopulationProspects: the 2002
Revision Population Database. United Nations Popula-
tion Division. (http://esa.un.org/unpp/).
Utzinger, J., Y. Tozan, Y., F. Doumani, and B. H. Singer.
2002. Theeconomicpayoffs of integratedmalaria control
in the Zambian copperbelt between 1930 and 1950. Trop.
Med. Int. Health 7: 657Ð677.
Van Bortel, W., M. Barutwanayo, C. Delacolette, and M.
Coosemans. 1996. Motivation a` lÕacquisition et a`
lÕutilisation des moustiquaires impre´gne´es dans une zone
a` paludisme stable au Burundi. Trop. Med. Int. Health 1:
71Ð80.
[WHO] World Health Organization. 2004. Global Strate-
gic Framework for Integrated Vector Management
(WHO document WHO/CDS/CPE/PVC/2004.10),
World Health Organization, Geneva, Switzerland.
[WHO] World Health Organization. 2005. Atlas of Insec-
ticide Resistance in Malaria Vectors of the WHO African
Region, WHO and ANVR-African Network for Vector
Resistance, Harare. World Health Organization, Geneva,
Switzerland.
[WHO] World Health Organization. 2008. Statement on
Integrated Vector Management (WHO/HTM/NTD/
VEM/2008.2).WorldHealthOrganization,Geneva, Swit-
zerland.
Winch, P. J., A.M.Makemba, S. R. Kamazima,G.K. Lwihula,
P. Lubega, J. N. Minjas, and C. J. Shiff. 1994. Seasonal
variation in the perceived risk ofmalaria: implications for
the promotion of insecticide-impregnated bed nets. Soc.
Sci. Med. 39: 63Ð75.
Yuan,Z., Y.Zhang,Q.Cai, andE.Liu. 2000. High-level Þeld
resistance to Bacillus sphaericus C3-41 in Culex quinque-
fasciatus from Southern China. Biocontrol Sci. Tech. 10:
41Ð49.
Yukich, J. O., C. Lengerer, F. Tediosi, N. Brown, J.-A. Mul-
ligan, D. Chavasse, W. Stevens, J. Justino, L. Conteh, R.
Maharaj, M. Eskine, D. H. Mueller, V. Wieseman, T.
Ghebremeskel, M. Zerom, C. Goodman, D. McGurie, J.
Manuel, F. Sakho, K. Hanson, and B. Sharp. 2008. Costs
and consequences of large-scale vector control for ma-
laria. Malar. J. 7: 258.
Zandu, A., M. Malengreau, andM.Wery. 1991. Pratiques et
de´penses pour la protection contre les moustiques dans
lesme´nages a` Kinshasa, Zaõ¨re. Ann. Soc. Belg.Med. Trop.
71: 259Ð266.
Received 17 February 2010; accepted 7 February 2011.
July 2011 SKOVMAND ET AL.: URBAN MOSQUITO CONTROL WITH Bacillus sphaericus 821
 by guest on D
ecem
ber 22, 2016
http://jme.oxfordjournals.org/
D
ow
nloaded from
 
